Complete suppression of the native n-type Schottky barrier is demonstrated in Al/InGaAs(001) junctions grown by molecular-beam-epitaxy. This result was achieved by the insertion of Si bilayers at the metal-semiconductor interface allowing the realization of truly Ohmic non-alloyed contacts in lowdoped and low-In content InGaAs/Si/Al junctions. It is shown that this technique is ideally suited for the fabrication of high-transparency superconductorsemiconductor junctions. To this end magnetotransport characterization of Al/Si/InGaAs low-n-doped single junctions below the Al critical temperature is presented. Our measurements show Andreev-reflection dominated transport corresponding to junction transparency close to the theoretical limit due to Fermi-velocity mismatch.
In the last few years there has been an increasing interest in the study of semiconductorsuperconductor (Sm-S) hybrid systems [1] [2] [3] . These allow the investigation of exotic coherent-transport effects and have great potential for device applications. The characteristic physical phenomenon driving electron transport at a S-Sm junction is Andreev reflection [4] . In this process (originally observed in normal metal-superconductor junctions ) an electron incident from the Sm side on the superconductor may be transmitted as a Cooper pair if a hole is retroreflected along the time-reversed path of the incoming particle. High junction transparency is a crucial property for the observation of Andreev-reflection dominated transport. Different techniques have been explored to meet this requirement including metal deposition immediately after As-decapping [5] , Ar + back-sputtering [6] , and in situ metallization in the molecular-beam epitaxy (MBE) chamber [7] . All these tests were performed in
InAs-based Sm-S devices where the main transmittance-limiting factor is interface contamination. On the contrary, for semiconductor materials such as those grown on either GaAs or InP, the strongest limitation arises from the presence of a native Schottky barrier. In this case, in order to enhance junction transparency penetrating contacts [8, 9] and heavily doped surface layers [5, 10] were used. Recently we have reported on a new technique [11] , alternative to doping, to obtain Schottky-barrier-free Al/n-In x Ga 1−x As(001) junctions (x > ∼ 0.3)
by MBE growth. This is based on the inclusion of an ultrathin Si interface layer under As flux which changes the pinning position of the Fermi level at the metal-semiconductor junction and leads to the total suppression of the Schottky barrier. In this work we show the behavior of such Ohmic contacts realized and furthermore demonstrate how this method can be successfully exploited to obtain high transparency Sm-S hybrid junctions [12] . Notably these are based on low-doped and low-In-content InGaAs alloys that are ideal candidates for the implementation of ballistic-transport structures.
Al/n-In 0.38 Ga 0.62 As junctions incorporating Si interface layers were grown by MBE. Their schematic structure is shown in Fig. 1 . The semiconductor portion consists of a 300-nm-thick GaAs buffer layer grown at 600
• C on n-type GaAs(001) and Si-doped at n ∼ 10 18 cm −3
followed by a 2-µm-thick n-In 0.38 Ga 0.62 As layer grown at 500
• C with an inhomogeneous doping profile. The top 1.5-µm-thick region was doped at n = 6.5 · 10 16 cm −3 , the bottom buffer region (0.5 µm thick) was heavily doped at n ∼ 10 18 cm −3 . After In 0.38 Ga 0.62 As growth the substrate temperature was lowered to 300
• C and a Si atomic bilayer was deposited under
As flux [11] . Al deposition (≃ 150 nm) was carried out in situ at room temperature. During
Al deposition the pressure in the MBE chamber was below 5 · 10 −10 Torr. Reference Al/nIn 0.38 Ga 0.62 As junctions were also grown with the same semiconductor part but without the Si interface layer. The reference diode exhibits a marked rectifying behavior which is enhanced at low temperatures. We have measured the corresponding barrier height by different techniques:
thermionic-emission I-V measurements in the 270-300 K temperature range, and linear fit in the forward bias region of log(I)-V characteristics measured at ∼ 200 K. These two approaches yielded barrier heights of 0.22 ± 0.05 eV and 0.23 ± 0.02 eV respectively. These values include corrections for image-charge and thermionic-field-emission effects [13] . The quoted uncertainties reflect diode to diode fluctuations and uncertainties in the barrier height determination.
The engineered diode shows no rectifying behavior even at low temperatures (20 K in Fig. 2 ). Its I-V characteristics bear no trace of a SB and are linear over the whole 20-300 K temperature range. Their slope is only weakly affected by temperature. To investigate the possible existence of a residual SB whose rectifying effect might be hidden by the series resistance arising from the InGaAs bulk and the back contact, we modeled the low-temperature I-V behavior of the engineered diode in terms of a residual barrier height φ n and a series resistance R [14] . We were able to reproduce the experimental I-V curves only with φ n < 0.03 eV. As will be apparent from what follows, this value represents only an upper limit for the barrier height.
Doping effects do not play any significant role in the barrier suppression. In order to verify this, we annealed the engineered diode at 420 . To analyze the data of Fig. 3(a) we followed the model by Chaudhuri and Bagwell [21] , which is the three-dimensional generalization of the BTK model. For our S-Sm junction we found Z ≈ 1 corresponding to a ∼50 % normal-state transmission coefficient. We note that without the aid of the Si-interface-layer technique, doping concentrations over two orders of magnitude greater than that employed here would be necessary to achieve comparable transmissivity (see e.g. Refs. [5, 8, 10, 22] ). This drastic reduction in the impurity concentration is a very attractive feature for the fabrication of ballistic structures. It should also be noted that our reported Z value is close to the intrinsic transmissivity limit related to the Fermi-velocity mismatch between Al and InGaAs [23] .
We should also like to comment on the homogeneity of our junctions. By applying the BTK formalism, Z ≈ 1 leads to a calculated value of the normal-state resistance (R (see, e.g., Refs. [5, 8, 20] ). Such estimates, however, should be taken with much caution.
Experimentally, no homogeneities were observed on the lateral length scale of our contacts and we did observe a high uniformity in the transport properties of all junctions studied.
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